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Abstract 

Using a method that combines information on tree size with growth rates determined from relatively 
short increment cores, I estimated the ages of several of the largest living Sequoiadendron giganteum 
(Lindley) Buchholz. Compared to the longest-lived S. giganteum known, which was at least 3266 years 
old, most of the large sequoias analyzed here were relatively young, with estimated ages of only 1650 
to 2150 years. Thus, contrary to common supposition, the largest S. giganteum generally owe their great 
size to rapid growth, not to exceptional age. However, two of the largest S. giganteum were substantially 
older, with estimated ages of 2850 and 2890 years. There is a high probability that some S. giganteum 
living today are older than the oldest S. giganteum yet discovered. 


People have long been fascinated by the great 
size and longevity of Sequoiadendron giganteum 
(Lindley) Buchholz (giant sequoias), which grow 
naturally only in isolated groves on the western 
slope of California’s Sierra Nevada. Sequoiaden¬ 
dron giganteum are the world’s largest trees, reach¬ 
ing a maximum known bole volume of nearly 1500 
m^ (Hartesveldt et al. 1975; Flint 1987 and in 
press). Precise cross-dating of tree rings on cut 
stumps has shown that sequoias can reach at least 
3266 years in age (R. Touchan personal commu¬ 
nication), making S. giganteum the third longest- 
lived, non-clonal tree species known, exceeded 
only by Pinus longaeva Bailey (bristlecone pine, 
4844 years) of western North America’s Great Ba¬ 
sin (Currey 1965) and Fitzroya cupressoides (Mo¬ 
lina) Johnston, (alerce, 3613 years) of Chile and 
Argentina (Lara and Villalba 1993). 

Here I present age estimates for some large, well- 
known S. giganteum^ thereby addressing one of the 
most frequently-asked questions about famous 5. 
giganteum —namely, “how old is this tree?” I ad¬ 
ditionally address two questions regarding S, gi¬ 
ganteum sizes and ages. First, are the largest S. gi¬ 
ganteum so massive because they are exceptionally 
old, as is often presumed, or because they have 
grown particularly rapidly? Second, are there likely 
to be any 5. giganteum alive today that are older 
than the longest-lived S. giganteum yet known, 
which is known only from a cut stump? 

These questions are difficult to answer because 
the only way to precisely determine the age of liv¬ 
ing 5. giganteum is to crossdate tree rings on in¬ 
crement cores that intersect the tree’s pith (Stokes 
and Smiley 1968). However, the tremendous girth 
of large S. giganteum usually makes it impossible 
to reach their piths with hand-driven increment bor¬ 
ers. Power increment borers with very long bits can 
sometimes be used to obtain cores that reach the 


pith (Echols 1969; Johansen 1987), but have sev¬ 
eral disadvantages, which include unacceptably 
large holes left in the trees, poor quality of many 
of the cores extracted, and unacceptable use of 
noisy power tools on and around popular and fre¬ 
quently-visited S. giganteum. 

I therefore estimated the ages of several large S. 
giganteum using a method that takes advantage of 
information from partial increment cores (cores that 
fall well short of a tree’s pith). The derivation and 
testing of the method is described in detail else¬ 
where (Stephenson and Demetry 1995). Unlike pre¬ 
vious attempts to estimate the ages of large S. gi¬ 
ganteum (e.g., Douglass 1946; Hartesveldt et al. 
1975), this method has been tested on hundreds of 
S. giganteum stumps, does not systematically over- 
or underestimate tree ages, and offers confidence 
intervals on the final age estimates. 

Methods 

Choice of individual Sequoiadendron giganteum 
for analysis. The primary criteria for choosing in¬ 
dividual S. giganteum for analysis were (1) the S. 
giganteum were among the largest known, and (2) 
the cores and other data needed for age estimation 
were already available (that is, no S. giganteum was 
to be cored solely for the purpose of this study). 
Specifically, for a given S. giganteum to be includ¬ 
ed, original increment cores or the necessary mea¬ 
surements from those cores had to be available, 
along with measurements of the tree’s bark thick¬ 
ness and diameter at the height at which the cores 
were taken. These data requirements limited the 
pool of S. giganteum available for analysis. While 
many large S. giganteum have been cored for stud¬ 
ies of human impacts (Hartesveldt 1962, 1965), 
ring-width chronology development (Brown et al. 
1992; Hughes et al. 1996), climatic reconstructions 
(Hughes and Brown 1992), forest dynamics studies 
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Table 1. Sequoiodendron giganteum Selected for Analysis (Size Ranks and Bole Volumes are from Flint in 
Press and Personal Communication). 


Tree name 

Size rank 
(by volume) 

Bole 

volume 

(m3) 

Location 

General Sherman 

1 

1487 

Giant Forest, Sequoia National Park 

Washington 

2 

1355 

Giant Forest, Sequoia National Park 

General Grant 

3 

1320 

General Grant Grove, Kings Canyon National Park 

Boole 

7 

1202 

Converse Basin Grove, Giant Sequoia National Monument 

Grizzly Giant 

27 

963 

Mariposa Grove, Yosemite National Park 

Cleveland 

36 

887 

Giant Forest, Sequoia National Park 

Sentinel 

Not ranked 

790 

Giant Forest, Sequoia National Park 


NOTE: Future discoveries of previously unrecognized large sequoias will probably change the ranking of sequoias 
smaller than the Boole tree. For example, the fourteenth largest sequoia known (the Ishi Giant of Kennedy Grove) was 
identified only in 1993 (Willard 1994; Flint personal communication). 


(Stephenson 1994), and fire history reconstruction 
(Swetnam 1993), only a limited subset of those S. 
giganteum have associated records of diameter at 
core height. Diameter at core height is essential for 
age estimation (Stephenson and Demetry 1995), 
and cannot be estimated readily from published di¬ 
ameters at breast height of individual S. giganteum. 
Cores are rarely taken exactly at breast height, and 
sequoia bole diameter usually changes rapidly with 
increasing distance from breast height. 

The following seven large S. giganteum were se¬ 
lected for analysis (Table 1). The General Sherman, 
Washington, and General Grant trees are the 
world’s three largest trees, with the General Sher¬ 
man and General Grant trees being among the most 
heavily visited of all S. giganteum. The Boole tree 
is the seventh largest, and is well-known as being 
the largest sequoia on lands managed by the U.S. 
Forest Service. The Grizzly Giant is heavily visited 
because of its craggy appearance and status as one 
of the two largest S. giganteum in Yosemite Na¬ 
tional Park, whereas the Cleveland tree is a lesser- 
known and seldom-visited tree in Sequoia National 
Park. Finally, the Sentinel tree is a well-known se¬ 
quoia beside the road at the southern entrance to 
Giant Forest in Sequoia National Park. 

The General Sherman, Washington, General 
Grant, Grizzly Giant, and Cleveland trees all were 
cored by R. J. Hartesveldt and his colleagues for 
various studies during the late 1950’s and early 
1960’s. All cores and data sheets for these trees are 
archived at Sequoia National Park, except I was 
unable to locate the original core for the Washing¬ 
ton tree, and therefore relied exclusively on Har¬ 
tes veldt’s ring measurements for that tree. The 
Boole tree was cored by researchers from the Uni¬ 
versity of Arizona in 1992; those data were kindly 
supplied by L. S. Mutch. Finally, the Sentinel tree 
was cored by V. G. Pile and me in 1998 at the 
request of National Park Service staff, who wished 
to have an age estimate for displays near the tree. 

Estimating tree ages. I estimated ages of these 
seven S. giganteum following Stephenson and De¬ 


metry’s (1995) approach, which combines knowl¬ 
edge of tree size with information gained from par¬ 
tial increment cores. The derivation and biological 
basis of this approach are too lengthy to repeat 
here; interested readers are therefore referred to 
Stephenson and Demetry (1995). When tested on 
231 sequoia stumps up to 3200 years old and 6.5 
m in diameter, this approach gave age estimates that 
were within 10% of actual age 62% of the time, 
and within 25% of actual age 98% of the time, 
assuming that two 60-cm increment cores are avail¬ 
able for analysis; fewer or shorter cores gave less 
precise estimates. This level of precision is a sub¬ 
stantial improvement over that of previously pub¬ 
lished methods, which estimated tree age from di¬ 
ameter alone, by assuming that basal area incre¬ 
ment is constant through time, or by linear extrap¬ 
olation of growth rates from the innermost portion 
of an increment core (Stephenson and Demetry 
1995). 

Sequoia age in years, a, was estimated according 
to the following equation. 


a = {c - 100) + 


lOOr^ 

r'‘ - {r - gY 


[ 1 ] 


where c is the full ring count of a partial increment 
core; g is the length of the innermost 100 rings of 
the increment core; r is the length g plus the length 
of the section of bole radius (extending to the tree’s 
pith) that was not sampled by the increment core; 
and d is given by the following equation: 

d = 0.230 + 0.759(100/g^J + 1.27r - 0.848r2 + 

0.159r3 [2] 


Units for g and r are meters, whereas g^ is the 
length of the innermost 100 rings of the increment 
core in mm. For reasons discussed in Stephenson 
and Demetry (1995), if r exceeded 3 m, r = 3 m 
was substituted into eq. 2 for calculating d. 

A sequoia’s pith usually is not at the geometric 
center of its bole. However, we typically have no 
way of determining the location of a living tree’s 
pith, and therefore cannot directly measure the val- 
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Table 2. Confidence Intervals for S. giganteum Age Estimates Based on Different Numbers and Lengths of 
Increment Cores (from Stephenson and Demetry 1995). 



Two 60-cm 

One 60-cm 

Two 30-cm 

One 30-cm 


cores 

core 

cores 

core 

50% confidence interval 

— 6.9 to 9.0 

-8.4 to 9.4 

-14.1 to 11.1 

-13.0 to 11.8 

95% confidence interval 

-23.7 to 19.5 

-36.7 to 19.7 

-45.8 to 26.4 

-48.2 to 27.5 


NOTE: The intervals are expressed as percentage of estimated sequoia age. For example, the —23.7% listed as one 
endpoint of the 95% confidence interval for two 60-cm cores means that 2.5% of the time, actual tree age will be more 
than 1.237 times estimated tree age. (Rephrased, 2.5% of the time estimated sequoia age will be at least 23.7% less, 
expressed in terms of estimated sequoia age, than actual sequoia age.) The 19.5% listed as the other endpoint of the 
interval means that 2.5% of the time, actual tree age will be less than 0.805 times estimated tree age. 


ue of r associated with a particular increment core. 
Therefore r was estimated as described by Ste¬ 
phenson and Demetry (1995). First, tree radius was 
calculated as half of tree diameter (determined by 
diameter tape) at the height at which the increment 
core was taken. Average bark thickness, determined 
by probes at several location around the bole, was 
then subtracted to determine tree radius inside the 
bark. From this, the length of the increment core, 
excluding the core’s innermost 100 rings, was sub¬ 
tracted, yielding an estimate of r. 

Because increment cores shrink as they dry, the 
wet length of a core must be known for the most 
accurate application of eqs 1 and 2. However, for 
most of the 5. giganteum analyzed here (the Sen¬ 
tinel tree being the one exception), wet lengths of 
cores were not recorded. My colleagues and I (un¬ 
published data) have found that the average shrink¬ 
age of hundreds of sequoia cores was about 2%. 
Thus, when the wet length of a core was not re¬ 
corded, it was estimated by multiplying the core’s 
dry length by 1.02. 

To improve accuracy, when several cores were 
available from a sequoia, a given core’s location on 
the bole had to be separated from that of the other 
cores by at least 90° of circumference to be includ¬ 
ed in the age estimation (Stephenson and Demetry 
1995). Tree age at height cored was estimated by 
averaging the age estimates based on the individual 
cores (Stephenson and Demetry 1995). 

Some of the data used to estimate sequoia ages 
came from S. giganteum cored several decades ago. 
It was therefore necessary to account for the num¬ 
ber of years that have passed since a sequoia was 
cored. Because, for convenience, I wished to esti¬ 
mate all sequoia ages relative to the year 2000, I 
subtracted the year in which a core was taken from 
2000, then added the result to estimated tree age. 

The method outlined above only estimates se¬ 
quoia age at the height at which the cores were 
taken. However, accounting for the time it took a 
tree to grow to the height cored potentially can add 
decades to the tree’s estimated age. To account for 
height growth, I multiplied the height of the core 
above ground level (in m) by 178x~^ ^^^, where x is 
the (estimated) cumulative width, in mm, of the 10 
rings that abut the tree’s pith. This empirical factor 
scales height growth to radial growth, and was de¬ 


rived from ring measurements of 41 smaller S. gi¬ 
ganteum which my colleagues and I cored to the 
pith both near ground level and near breast height 
(see Agee et al. 1986 for a similar approach). How¬ 
ever, because there is no way of knowing the actual 
cumulative width of the 10 rings that abut the pith 
of the large S. giganteum analyzed here, I assumed 
that the width was 27.5 mm, based on the average 
from measurements of more than 450 sequoia 
stumps (Table A in Huntington 1914). Thus, I as¬ 
sumed that large S. giganteum took 178 X 
(27.5)“^^^^ = 7.5 years to grow each meter taller 
until core height was reached. However, with the 
exception of the Sentinel and Grizzly Giant trees, 
core heights were not recorded. I therefore esti¬ 
mated core heights for the other trees based on con¬ 
versations and correspondence with individuals in¬ 
volved in the corings (H. S. Shellhammer for the 
General Sherman, Washington, General Grant, and 
Cleveland trees, and R. Adams and L. Mutch for 
the Boole tree). 

Confidence intervals. Stephenson and Demetry 
(1995) showed that as both the number and length 
of increment cores increase, confidence in sequoia 
age estimates also increases (Table 2). However, the 
numbers and lengths of cores used did not always 
fall neatly into the categories in Table 2. To deter¬ 
mine confidence intervals, core lengths were there¬ 
fore rounded to the nearest category shown in Table 
2 (either 30 or 60 cm). In two cases (the General 
Sherman and General Grant trees), three cores rath¬ 
er than two were used. However, since confidence 
is improved relatively little by increasing core num¬ 
ber (it is improved more by increasing core length; 
Table 2), confidence intervals for only two cores 
were used. 

The number of years elapsed between the year 
in which a tree was cored and the year 2000 was 
then added to the endpoints of the tree’s confidence 
intervals, as was the estimated number of years it 
took each sequoia to grow to the height at which it 
was cored. Admittedly, the latter step does not 
change a sequoia’s age confidence intervals to re¬ 
flect the uncertainty associated with estimating the 
number of years it took a sequoia to grow to the 
height cored. However, uncertainty added at this 
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Table 3. Data Used to Estimate the Ages of the Selected S. giganteum. ^ Side of tree from which core was taken. 
^ Confidence intervals (see Table 2) are: 1 X 30, one 30-cm increment core; 2 X 30, two 30-cm cores; 1 X 60, one 
60-cm core; 2 X 60, two 60-cm cores. '^Estimated from length of innermost 154 rings. "^Estimated from length of 
innermost 280 rings. 


Tree 

Core"^ 

Diameter 
at core 
height 
(m) 

Bark 

thick¬ 

ness 

(m) 

Wet 
length 
of full 

core 

(m) 

Wet 

length of 
innermost 
100 rings 
of core 
(m) 

Ring 
count 
of full 

core 

Height 
of core 
above 
ground 
(m) 

Year 

cored 

Confidence 

interval 

used^ 

General Sherman 

South 

7.325 

0.127 

0.387 

0.148 

317 

1.6 

1964 

2 

X 30 


Northwest 

7.325 

0.127 

0.365 

0.156 

249 

1.6 

1964 




East 

7.325 

0.127 

0.352 

0.120 

315 

1.6 

1964 



Washington 

— 

7.858 

0.152 

0.291 

0.091 

325 

1.4 

1963 

1 

X 30 

General Grant 

Southeast 

6.705 

0.203 

0.375 

0.259 

146 

2.0 

1964 

2 

X 30 


West 

6.705 

0.203 

0.376 

0.180 

233 

2.0 

1964 




North 

6.705 

0.203 

0.378 

0.139 

293 

2.0 

1964 



Boole 

B (Northwest?) 

7.45 

0.090 

0.418 

0.124^ 

259 

1.4 

1992 

1 

X 60 


C (Northeast?) 

7.45 

0.090 

0.639 

0.159^ 

386 

1.4 

1992 



Grizzly Giant 

Southwest 

6.621 

0.127 

0.289 

0.175 

206 

3.05 

1958 

2 

X 30 


East 

6.621 

0.127 

0.266 

0.148 

175 

3.05 

1958 



Cleveland 

— 

5.613 

0.127 

0.347 

0.045 

598 

1.6 

1964 

1 

X 30 

Sentinel 

Northeast 

6.399 

0.073 

0.515 

0.099 

366 

2.56 

1998 

2 

X 60 


Southwest 

6.399 

0.073 

0.556 

0.128 

333 

2.04 

1998 




Stage is small compared to the uncertainty of esti¬ 
mating the tree’s age at core height. 

Statistics on the longest-lived sequoia known. As 
a yardstick for interpreting results, I used the age 
and size of the longest-lived sequoia known—a cut 
stump in Converse Basin, Giant Sequoia National 
Monument, designated CBR26 by its discoverers 
(R. Touchan and E. Wright of the University of Ar¬ 
izona’s Laboratory of Tree-Ring Research). To- 


General Sherman 
Washington 
General Grant 
Boole 
Grizzly Giant 
Cleveland 
Sentinel 

1000 1500 2000 2500 3000 3500 4000 4500 
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' ' 1 ' ' ' ' 1 

1 

1 I_1_1 1 

1 1-1-1 

1 1_1 _ 1 

\-ni] — 1 

— 1 

^—1 

1 III 

1 

1 

1 1 _ ^ _ 1 

h-m —1 

1 ■ ■ 1 1 ■ ■ 1 I 1 . . ■ ■ 1 1 ■ ■ 1 L 1. i- 

1 ' 1 


uchan has precisely crossdated 3207 rings on the 
stump. It is missing much of its sapwood, so the 
outermost ring dates to 1834. However, the exten¬ 
sive logging of Converse Basin Grove occurred be¬ 
tween 1893 and 1908 (Johnston 1983; Willard 
1994). Thus, at least 59 years of sapwood are miss¬ 
ing, and the tree therefore was at least 3266 years 
old when it was cut. (It is unlikely that the tree 
exceeded 3290 years old, including the time it took 
the tree to grow to the height sampled by Touchan 
and Wright.) The stump is relatively small: 5.8 m 
in diameter near ground level and 4.3 m in diameter 
at the cut surface 2.2 m above ground level (R. 
Touchan personal communication). Even with sap- 
wood and bark intact, the tree’s diameter at 2.2 m 
above ground level was probably less than 5 m 
when it was cut, much smaller than any of the trees 
analyzed here (Table 3). While we will never know 
the volume of the living CBR26, it is clear that 
many hundreds of S. giganteum alive today (prob¬ 
ably well over one thousand) are larger than 
CBR26 was before it was cut (e.g., see Appendix 
1 in Stohlgren 1991). 


Fig. 1. Estimated ages of selected S. giganteum in the 
year 2000, with associated confidence intervals. The ver¬ 
tical line within each horizontal box indicates that tree’s 
estimated age. The ends of each box delimit the 50% con¬ 
fidence interval for that tree’s age, whereas the “whisk¬ 
ers” extending from each box delimit the 95% confidence 
interval. The dotted vertical line at 3266 years indicates 
the age of the oldest sequoia yet discovered (see the text). 
Because the innermost ring of a long core taken within a 
fire scar cavity at the base of the Boole tree has been 
crossdated to A.D. 143 by E. Wright of the University of 
Arizona (L. Mutch personal communication), the Boole 
tree is at least 1858 years old, as indicated by the asterisk. 


Results 

Table 3 presents the data used to estimate the 
ages of the seven large S. giganteum. Estimated 
ages ranged from 1650 years for the General Grant 
tree to 2890 years for the Cleveland tree (Fig. 1), 
averaging 2230 years. Though all of these S. gi¬ 
ganteum were much larger than CBR26, the lon¬ 
gest-lived sequoia known, five had estimated ages 
at least 1000 years younger than CBR26 (Fig. 1). 
In fact, the third-largest living sequoia (the General 
Grant tree) is estimated to be little more than half 
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as old as CBR26. Additionally, CBR26’s age lies 
well outside of the high end of the 95% confidence 
intervals of the five S. giganteum (Fig. 1). 

I While there are exceptions (namely, the Wash¬ 
ington and Cleveland trees), the largest living S. 
giganteum generally owe their great bulk to rapid 
I growth, not to extraordinary age. For example, av- 
\ erage ring width from the cores of the (estimated) 
youngest sequoia (the General Grant tree, 1.82 mm) 
was more than three times that of the (estimated) 
f oldest sequoia (the Cleveland tree, 0.58 mm). This 
I notion is further supported by Huntington’s (1914) 

I age data from more than 450 sequoia stumps (the 
accuracy of which is discussed in Stephenson and 
Demetry 1995). Huntington’s ten largest stumps av¬ 
eraged 6.0 m in diameter inside the bark, but only 
1842 years old by direct ring count (the largest was 
6.5 m in diameter but only 1347 years old). In sharp 
contrast, his ten oldest stumps averaged only 4.9 m 
in diameter inside the bark, but 2822 years old—1 
m less in diameter but nearly 1000 years older. 
Membership in the two groups of stumps was al¬ 
most mutually exclusive; only one stump was both 
one of the ten largest and one of the ten oldest (see 
Fig. 1 in Stephenson and Demetry 1995). Thus, for 
whatever reason, S. giganteum that reach great age 
tend to have grown relatively slowly. 

Figure 1 indicates that there is a 25% probability 
that the Cleveland tree is older than CBR26, and a 
similar probability that the Washington tree is older. 
The probability that at least one of these two living 
trees (Cleveland or Washington) is older than 
CBR26 therefore is roughly 1 — (0.75)^, or 44%— 
nearly even odds. Given that the seven 5. gigan¬ 
teum examined here are only a small sample of all 
potentially old, living S. giganteum (likely candi¬ 
dates would number well over one thousand), it 
seems highly likely that some S. giganteum living 
today exceed the age of CBR26. 

Discussion 

There has been a long-standing belief that the 
largest S. giganteum are the oldest. This is well 
illustrated by tracing the history of age estimates 
for the General Sherman tree, the world’s largest 
tree. By the early 20^^ century, careful ring counts 
and crossdating had identified a handful of sequoia 
stumps more than 3000 years old, the oldest being 
about 3200 years old (Huntington 1914; Douglass 
1919, 1945). (John Muir’s reported count of 4000 
rings on the “Muir Snag” in 1875 has not been 
repeated and was almost certainly in error [Flint 
1987], and other early claims of up to 11,000 rings 
counted on stump tops [Jordan 1907] cannot be 
taken seriously.) Since none of these old stumps 
approached the great size of the General Sherman 
tree, most natural historians concluded that the 
General Sherman tree must be more than 3500 
years old (e.g.. Fry and White 1930). Stewart 
(1930) believed that the General Sherman tree was 


about 4000 years old, though he reported that an 
estimate based on “average number of rings count¬ 
ed ... in charred fragments from parts of the [Gen¬ 
eral Sherman tree’s] burned trunk, in connection 
with the actual counts of rings of felled trees . . . 
which have grown under conditions and situation 
similar to those of the Sherman tree” yielded an 
age of 5200 years. Popular publications, such as a 
1931 program for a play performed among the se¬ 
quoias not far from the General Sherman tree, tend¬ 
ed to be more extravagant, proclaiming the tree to 
be 6000 years old (see also Hartesveldt et al. 1975). 
Ironically, the aforementioned play took place less 
than two months before the first quantitative esti¬ 
mate of the General Sherman tree’s age based on 
increment cores, by A. E. Douglass. 

Douglass, the founder of the modern science of 
dendrochronology, obtained six short cores from 
the General Sherman tree in 1931 (the year is mis¬ 
takenly given as 1935 in Douglass [1946]). He 
deemed two of the cores to be good enough to use 
for age estimation, finding that average ring width 
at 4.6 m above ground level was 0.81 mm. This 
ring width is less than that of Hartesveldt’s cores 
(Table 3) because it comes from a height where the 
General Sherman tree’s bole is narrower. Douglass 
stated that “[t]hese are ring sizes which, in relation 
to the total size of the tree and the probable rate at 
which rings increase in size toward the center, sup¬ 
plied an estimate of the age of the tree of 3500 
years plus or minus 500 years” (Douglass 1946). I 
have found no quantitative description of how 
Douglass accounted for “the probable rate at which 
rings increase in size toward the [tree’s] center.” 

To shed light on Douglass’ age estimate, I ap¬ 
plied the approach outlined in this paper to his data. 
Douglass’ data yield an age of only 2380 years for 
the General Sherman tree in 1931, or 2450 years in 
2000 (rounded to the nearest decade). This latter 
estimate is only 300 years older than the estimate 
based on Hartesveldt’s cores (Fig. 1), and is well 
within that estimate’s 95% confidence interval. 
However, I judge the estimate based on Hartes¬ 
veldt’s cores to be much more reliable than that 
based on Douglass’ cores. Specifically, the estimate 
based on Hartesveldt’s cores required that fewer 
key parameters be estimated (such as the diameter 
of the General Sherman tree at 4.6 m above ground 
level in 1931, needed for using Douglass’ data), 
and was based on three cores widely spaced around 
the tree’s bole, each of which was nearly twice as 
long as the longest of Douglass’ two adjacent cores. 

In contrast, an age estimate based on linear ex¬ 
trapolation of Douglass’ ring-width data, assuming 
no change in ring width toward the General Sher¬ 
man tree’s center (an unrealistic assumption), 
would yield an age of 3790 years in 1931. Thus, 
Douglass’ estimate of 3500 (±500) years apparent¬ 
ly was little different from an estimate based on a 
simple linear extrapolation, and did not adequately 
consider the increase in ring widths toward the pith. 
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Douglass’ age estimate was widely quoted (and 
sometimes exaggerated) from 1931 until the 1960’s, 
when Hartesveldt et al. (1975) radically revised the 
estimate downward. Unlike Douglass, Hartesveldt 
and his colleagues explicitly stated their assumption 
as to how ring widths chauige within a tree: they 
assumed that basal area increment is constant (that 
is, trees add a constant amount of basal area each 
year). This is equivalent to substituting d = 2 into 
eq. 1 (Stephenson and Demetry 1995). Hartes- 
veldt’s notes (archived at Sequoia National Park) 
show that when he strictly adhered to this assump¬ 
tion, he estimated that in 1964 the General Sherman 
tree was only about 1600 years old. However, Har- 
tesveldt’s examination of growth patterns on se¬ 
quoia stumps measured by Huntington (1914) in¬ 
dicated that strict adherence to this assumption 
sometimes underestimated the ages of S. giganteum 
(Hartesveldt et al. 1975). Thus, apparently based on 
a combination of assumed constant basal area in¬ 
crement and judicious comparisons with Hunting¬ 
ton’s data, Hartesveldt £ind his colleagues (1975) 
cautiously stated that the General Sherman tree 

. . is less than 2500 years old.” According to my 
calculations using their original cores and data, 
their statement has a more than 75% probability of 
being true (Fig. 1). 

As careful as Hartesveldt et al. (1975) may have 
been in stating that the General Sherman tree was 
less than 2500 years old, the National Park Service, 
perhaps unable to bear such a precipitous decline 
in the tree’s age, instead adopted 2500 years as the 
midpoint for a range encompassing the tree’s esti¬ 
mated age. At the time of this writing. Park litera¬ 
ture and the plaque at the General Sherman tree 
stated that the tree’s estimated age was “2300- 
2700 years.” Additionally, a popular book authored 
by Hartesveldt’s colleagues (Harvey et al. 1981) 
dropped the qualifier “less than,” stating instead 
that the tree “. . . is about 2,500 years old” (though 
a table on the same page gives the General Sher¬ 
man tree’s age as “2,500-3,000” years!). The most 
recent estimate of the General Shermein tree’s age— 
2150 years (Fig. 1)—is most closely aligned with 
Hartesveldt et al.’s (1975) original statement that 
the tree is less than 2500 years old. 

The relative youth of other famous 5. giganteum 
may come as a disappointment to some. For ex¬ 
ample, the decline in the estimated age of the Griz¬ 
zly Giant tree has been even more precipitous than 
that of the General Sherman tree. Clark (1910) re¬ 
ported that the Grizzly Giant had been growing so 
slowly over the last few centuries that its rings (pre¬ 
sumably observed inside of a fire scar cavity) were 
“as thin as wrapping paper, too fine to be counted 
with the unaided eye.” (On the contrary, measured 
ring widths [Table 3] and measured tree volume 
changes [W. Flint personal communication] both in¬ 
dicate that the tree has been growing quite rapidly.) 
Comparing these purported ring widths with those 
of some fallen S. giganteum, Clark concluded that 


“the Grizzly Giant must be not less than six thou- I 
sand years old,” and that the tree was probably the j j 
oldest living thing on earth. Other early age esti- M 
mates placed the Grizzly Giant at a more modest ! 
3800 years old, while Hartesveldt et al. (1975) later ' 
suggested that the tree “. . . is perhaps only 2500 11 
years old.” At the time of this writing, the National 1 
Park Service reported the age of the Grizzly Giant 
as 2700 years. However, 1 estimate the tree to be j 
only about 1790 years old (Fig. 1), and that the 
probability of it being at least 2700 years old is less 
thcui 2%. Hartesveldt and his colleagues (1975) of¬ 
fered solace to those disappointed by the suggestion I 
that certain large S. giganteum might be younger 
than expected: “. . . this [discovery] effects a 
change only in superlatives; the world’s largest 
trees are the world’s fastest-growing trees.” 

Some readers may be disappointed by the broad 
confidence intervals associated with age estimates 
in Figure 1. There is a great deal of uncertainty in 
estimating the ages of individual large S. gigan- ' 
teum, largely due to relatively abrupt and sustained 
changes in ring widths in the part of the bole not 
sampled by increment cores, and therefore invisible 
to us (Stephenson and Demetry 1995). Such 
changes in growth rates are due to unpredictable, 
site-specific events in the past, such as occasional, 
localized high-intensity fires (e.g.. Mutch and Swet- 
nam 1995). Thus, though Figure 1 suggests that the 
General Shermein and Sentinel trees are the same 
age (2150 years), the broad confidence intervals ad¬ 
ditionally suggest that this correspondence is most 
likely a meaningless coincidence. However, most of 
the confidence intervals in Figure 1 are based on 
relatively short cores. Confidence intervals could be 
tightened somewhat in the future by taking longer 
cores and, in the case of the Washington and Cleve¬ 
land trees, more cores. 
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